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Abstract 
Recently, Low Carbon Society (LCS) principle has emerged as a practicable campaign for both developing and 
developed countries to deal with the dramatic increment of greenhouse gas concentration in the atmosphere. Various 
key features of LCS entail reducing energy demand and consumption while avoiding the fossil fuel utilization which 
is a major contributor to substantial CO2 emissions. In this study, Thailand’s power sector is modeled using Asia-
Pacific Integrated Model (AIM/Enduse). The objective of this study is to model the Thai power sector such that the 
viability of clean generating technologies for Thailand is considered and their mitigating effects are analyzed. The 
results demonstrate that the fossil fuel based technology would be replaced by clean technologies including, coal-
fired power plant with CCS technology and renewable energies in the LCS scenario. The LCS scenario can mitigate 
CO2 emissions by 58,098 ktCO2 in 2050 when compared to BAU scenario. 
 
 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
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1. Introduction 
The world energy consumption has gradually increased according to the economic development and 
has contributed to global warming. A great number of organizations have defined policies involving 
global warming which advocate reducing greenhouse gas (GHG) emissions. The international society has 
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established the protocol to reduce the world temperature by two degree Celsius [1]. The efficient and 
clean technologies are included in these policies. Moreover, under the United Nations Framework 
Convention on Climate Change (UNFCCC) convention, developed countries agree to establish the Nation 
Appropriated Mitigation Action (NAMA) which aims to GHG emissions mitigation especially CO2. 
Developed countries pay attention to distribute the technology knowledge and to support developing 
countries for implementing the advanced technologies. However, developing countries such as Thailand is 
not legally forced by the UNFCCC convention to achieve the CO2 emissions reduction [2]. Therefore, the 
GHG emissions reduction targets in these countries depend on the government decision which requires 
technical and socio-economic information to determine appropriate power development plan.  
Climate change is currently a global issue. Emissions of greenhouse gasses (GHGs) from all human 
activities around the world contribute to a changing climate [1]. Policies to address climate change by 
reducing greenhouse gas emissions might be made more effective if we can better understand the 
pathways by which transformative technologies become significant components of energy systems [4]. In 
the future, emissions produced from fossil fuel must approach zero to stabilize atmosphere. 
Since energy is fundamental for economic development and the main source of GHG emissions, the 
low-carbon society (LCS) vision can be translated into the achievement of sustainable development in an 
economy that is less dependent on fuels with high-carbon content [5]. The LCS or low-fossil fuel 
economy has minimized the emission output into the atmosphere. These emissions affect the climate 
change in long term period. However, the implementation of alternative and renewable energy can 
mitigate such emissions and also the promotion of technology transfer and energy efficiency improvement 
has the potential to reduce the energy consumption which directly produces the CO2 emission. 
For Thai power sector, natural gas emitted the highest CO2 emission which accounted for 47.64 million 
tons CO2 or 62% of the total CO2 emission [6]. However, the penetration of advanced technology is 
relatively low due to the lack of the technology transfer and the barrier of supported incentives. Due to the 
high potential of centralized CO2 emissions, the power sector is regarded as one of the sectors with the 
greatest potential for CO2 mitigation [1]. To be a part of a low carbon society by 2050, a major 
transformation of electric power generation will be needed: the implementation of energy efficiency 
improvement, the promotion of alternative and renewable energy including technology transfer and 
reduce own usage and transmission loss. Moreover, further innovations in generating technologies will be 
indispensable. In the past, a variety of researches have been conducted to investigate the CO2 mitigation 
towards a low-carbon society [4, 7-12]. 
 This study constructs a roadmap to low-carbon society in Thailand towards 2050 on the basis of low 
carbon scenario by using the Asia-Pacific Integrated Model (AIM/Enduse) and creates awareness among 
Thailand’s authorities, government and communities for discussion on decisive actions to be taken to 
realize a strong growth and low-carbon Thailand. The AIM/Enduse relies on the concept of the bottom-up 
optimization model developed by National Institute for Environmental Studies (NIES), Japan [13].  
2. Methodology 
In order to assess the CO2 emissions and mitigation, the technological and economic information are 
the major aspects, thus, an end-use energy technologies model was necessary. The technological 
information refers to the specific data of devices such as the type of existing and candidate technologies, 
amount of energy use per unit of device (specific energy consumption), and cost of technology (including 
investment, fuel, and operation and maintenance costs). This study uses the Asia-Pacific Integrated 
Model/Enduse (AIM/Enduse), developed by National Institute for Environmental Studies (NIES), Japan. 
The model can evaluate the substitution of technology by calculating the change in energy 
consumption via the fluctuation of energy price in a bottom-up analysis. Such a model can forecast future 
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CO2 emission using socio-economic factors, for instance population, economic growth, industrial 
structure, and lifestyle [14]. The model relies on a framework of linear programming to structure the 
bottom-up energy system which begins with how much primary energy source is converted into 
secondary energy to be required by an end-use service. Greenhouse gas emission (GHG) is also estimated 
by energy consumption of a particular technology. Based on the concept of a dynamic recursive model to 
solve the problem for multiple years, the total system cost of technology selection is minimized year by 
year subject to various related constraints. The total cost comprises the capital cost of purchasing 
equipment in a specific service type, operation and maintenance requirement, and energy cost. Energy 
and carbon taxes are also provided in the model to investigate their impacts on energy system. In addition, 
the model provides spreadsheet interface to analyze several constraints such as satisfying service demand 
growth, preparing energy resource, reducing pollutant emission, and ensuring equipment stock [2, 13].  
 
 
 
 
Fig.1. depicts the methodology framework of the Asia-Pacific Integrated Model/Enduse AIM/Enduse). 
 
 
 
 
Energy Type Technology devices Service demands
x Coal
x Natural Gas
x Oil
x Hydro
x Biomass
x Biogas
x Municiple
Solid Waste
x Conventional thermal power plant
x Combined cycle power plant
x Gas turbine power plant
x Gas engine
x Hydro power plant
x Co-generation power plant
x Biomass thermal power plant
x Nuclear
x IGCC
x IGCC with CCS
x Supercritical power plant
x Supercritical power plant with CCS
x Thermal power plant with CCS
Electricity
Energy consumption
Emissions
Technology
consideration Energy service demand
Energy information
x Fuel type
x Fuel price
x Emission factor
x Fuel availability
Technology informations
x Technology Life
time
x Energy
Consumption
x Thermal efficiency
x Investment cost,
fixed and variable
cost
x Service supply
x Capacity share
Socio-economic
information
x Thailand Power
Development Plan
(PDP)
80   P. Chunark et al. /  Energy Procedia  52 ( 2014 )  77 – 84 
According to the proposed objectives of the study, two scenarios are set to satisfy the sustainable 
development on clean energy in Thai power sector as following: 
x  BAU (business-as-usual) scenario without mitigation measure. 
x  Counter mitigation measures for Low Carbon Society (LCS) of employed clean technologies and 
energy efficiency improvement as well as the potential to reduce GHG emissions by LCS measures 
available during 2005-2050. 
 
The Alternative Energy Development Plan (AEDP), the Energy Development Plan (EEDP) and Power 
Development Plan (PDP) of the Ministry of Energy have been applied to formulate the measure in this 
study.  
To achieve the low carbon power generation, Fig.2 shows the low carbon measure diagram for clean 
power generation. The energy efficiency improvement should replace the large emitter power plant by 
implementing the integrated gasification combined cycle (IGCC). This action can reduce lots of CO2 
emissions. Moreover, the system management is also important for energy system including the reduction 
of transmission and distribution loss. Diffusion of new technologies such as clean technology and 
promotion of research and development (R&D) also play an important role for achieving clean power 
generation. Carbon Capture Storage (CCS) and nuclear technology are interesting technologies to 
mitigate the GHG emissions, especially CO2. Renewable and alternative energies are also required for 
future Thai low-carbon society. To employ such technologies, subsidies and policies are needed to 
support these technologies to be feasible. Furthermore, power generation from solid waste incineration 
and the operation of bio-methanol power generation are an alternative for electricity generation. 
 
 
Fig.2. Low carbon measure diagram for clean power generation. 
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3. Results and discussions 
Primary energy consumption in the BAU scenario is estimated to increase from 10,429 ktoe in 2005 to 
47,763 ktoe in 2050 or increasing 4.6 folds when compared to the base year 2005. There will be a total of 
272 ktoe of petroleum and 31,389 ktoe of natural gas consumed in 2050. Moreover, coal consumption 
increases 4.6 folds when compared to 2005. In the 2050 LCS, the implementation of biomass, solar, wind, 
hydro energy and other renewable energy in the primary energy will together to be 11,536 ktoe, 
accounting for 26.6% of the total primary energy supply. The clean coal technology and coal with CCS 
will play an important role in GHG reduction in the 2050 LCS, accounting for 24.1% of the total primary 
energy supply (Fig. 3a and 3b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    (a)             (b)  
 
Fig.3. Primary energy demand by fuel type (a) 2050 BAU ; (b) 2050 LCS 
 
Fig.4. Primary energy supply by energy source. 
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The countermeasures that need to be implemented for “clean power” action include the employment of 
renewable electricity generation, and the implementation of more efficient and cleaner power generation 
technologies, as well as carbon capture and storage (CCS).  
In the 2050 BAU scenario in Fig.4, natural gas will be the primary energy source for Thailand. Natural 
gas consumption will be 31,389 ktoe, accounting for 65.7% of the total primary supply, followed by coal 
(8,078 ktoe; 16.9%). In the 2050 LCS, natural gas still plays an important role in primary energy supply, 
accounting for 11,941 ktoe or 27.6% of the total primary supply, followed by coal with CCS technology 
(7,277 ktoe; 16.8%). The “clean power” action is targeted to reduce CO2 emissions in 2050 by 58,098 kt-
CO2 as shown in Fig.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. CO2 emissions in power sector 
 
 
Fig.6. Technology mix in power generation in the BAU and LCS roadmap. 
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The investigation of low-carbon Thailand for “clean power” action shows a technology mix in the 
2050 LCS that will be drastically changed when compared to the 2050 BAU. Conventional natural gas 
combined cycle plants will decrease from 55.6% in the 2050 BAU to 25.0% in the 2050 LCS while all 
clean coal technologies including CCS will increase to 25.7% in the 2050LCS (Fig.6.). The employment 
of such advanced technologies for “clean power” action should be immediately implemented during 
2020-2030 due to the current availability of such technologies (Fig.6). 
The renewable energy potential for electricity generation will increase from 360 ktoe in 2005 to 1,647 
ktoe in the 2050 BAU scenario, and 10,901 ktoe in the 2050 LCS scenario. Biomass will be the main 
source of renewable electricity production, followed by solar and wind energy as depicted in Fig.7. 
However, renewable energy use in the 2050 LCS scenario will still be fairly small, accounting for 21.6% 
of the total. 
4. Conclusions 
Primary energy consumption in the BAU scenario is estimated to increase 4.6 times in 2050 compared 
to 2005. Natural gas still dominates in electricity generation in 2050 while coal consumption also 
increases 4.6 times compared to 2005. On the other hand, renewable energies such as biomass, solar, 
wind and hydro energy emerge in 2050 LCS scenario and accounted for 26.6% of the total primary 
energy supply. The employment of such advanced technologies for “clean power” action should be 
immediately implemented during 2020-2030 due to the current availability of such technologies. The 
renewable energy in 2050 LCS scenario accounted for 10,901 ktoe in the 2050 LCS scenario while 
biomass will be the main source of renewable electricity production. 
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